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(54) SEMICONDUCTOR DEVICE USING SEMICONDUCTOR CHIP 



(57) A semiconductor chip 1 is provided with a first 
electrode 2 formed at a first corner of a crystal substrate 
1a generally quadrangular as viewed in plan, and with 
a second electrode 3 formed to extend along two sides 
of the crystal substrate 1a, these sides including be- 
tween them a second corner located diagonally away 
from the first comer. The first electrode 2 and the second 
electrode 3 are connected to a first lead 15 and second 
leads 16a, 16b formed on the circuit substrate 10 via 



solder paste 20. The narrow first lead 15 extends trans- 
versely to a side of the crystal substrate 1 a, and the sec- 
ond leads 16a, 16b extends in the opposite direction to 
that of the first lead 1 5. The first lead 1 5 and the second 
lead 1 6b are offset from each other by an appropriate 
distance. With such arrangements, the surface tension 
of melted solder prevents the semiconductor chip 1 from 
being fixed to the circuit substrate 1 0 with a slanting pos- 
ture. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a semiconduc- 
tor device utilizing a semiconductor chip, wherein the 
semiconductor chip has a surface provided with a first 
electrode and a second electrode, the chip being sol- 
dered to a pair of external connection electrodes formed 
on a surface of a circuit substrate. 

BACKGROUND ART 

[0002J As disclosed in prior art JP-A-H11-121797 and 
JP-A-2002-94123, for example, a conventional surface- 
mounting light-emitting diode incorporates a semicon- 
ductor chip or light-emitting diode chip (light-emitting el- 
ement chip) 1, which comprises, as a light source, a gal- 
lium nitride compound semiconductor, and a crystal 
substrate made of sapphire glass having one surface 
upon which a plurality of thin semiconductor layers are 
formed by a known metal-organic chemical vapor dep- 
osition method. Such a thin-layer laminate, as shown in 
Figs. 1 (a) and 1 (b), has a double hetero structure includ- 
ing a crystal substrate 1a, rectangular as viewed in plan 
and made of a transparent sapphire glass, upon which 
a GaN buffer layer 1 b, an n-type GaN layer 1 c, an InGaN 
activation layer 1d, a p-type AIGaN layer 1e and a p- 
type GaN layer 1f are stacked in this order. 
[0003] At one corner (vertex portion) of the n-type 
GaN layer 1c mentioned above, an upper portion is re- 
moved by etching to provide a step-like configuration. 
In this removed portion, a p-type electrode 2 (referred 
to as the "first electrode" below) is formed by vapor dep- 
osition, the electrode comprising a laminate of Ti and Au 
layers and another laminate of Ni and Au layers stacked 
on the first laminate. In a portion other than the etched- 
away portion, the upper surface of the uppermost p-type 
GaN layer 1f is provided with a p-type electrode 3 (re- 
ferred to as the "second electrode" below) comprising a 
laminate of Ni and Au layers and produced by vapor 
deposition like the above. 

[0004] According to the prior art technique, a bump 
made of gold (Au) is formed on each of the first electrode 
2 and the second electrode 3 of the light-emitting ele- 
ment chip 1 . These bumps are fixed to a pair of external 
connection electrodes formed on a chip-type circuit sub- 
strate. 

[0005] However, the production cost tends to be un- 
duly high since the bumps are made of gold (Au). An- 
other problem results from the way in which the light- 
emitting chip 1 (semiconductor chip) is pressed against 
the circuit substrate and connected to the external con- 
nection electrodes via the bumps. In this manner, the 
light-emitting chip is fixed to the circuit substrate, with 
its original posture remaining as it comes close to the 
substrate, so that the mounting-posture variation de- 
scribed below cannot be corrected. 



[0006] In place of such metal bumps, it was proposed 
to use a thenmallymeltable die-bonding agent, such as 
solder paste, for connection. Specifically, an appropriate 
amount of die-bonding agent is applied to the external 

5 connection electrodes of the circuit substrate, and the 
semiconductor chip is placed onto the applied die-bond- 
ing agent. In this state, the die-bonding agent is heated 
to melt, and then caused to solidify. This method, how- 
ever, gives rise to the following problems. 

10 [0007] As noted above, the die-bonding agent applied 
to the external connection electrodes is heated to melt. 
At this time, the agent spreads in all directions over each 
electrode. The semiconductor chip, supported on the 
melted die-bonding agent, tends to deviate laterally from 

*5 the prescribed center over the connection electrodes, 
and thereafter the chip is fixed to the electrodes at the 
off-center position upon solidifying of the die-bonding 
agent. 

[0008] In this connection, it should be noted that each 
20 of the conventional external connection electrodes 
formed on the circuit substrate has a large surface area, 
and hence an unacceptably gross deviation can result. 
[0009] Further, supposing that the semiconductor 
chip is placed on the external connection electrodes, 
25 with the right and left edges of the rectangular semicon- 
ductor chip being held in non-parallel condition (slant 
condition) relative to the right and left edges of the rec- 
tangular circuit substrate, the slant posture is not cor- 
rected, and therefore the fixing to the external connec- 
30 tion electrodes is performed in the non-parallel condi- 
tion. 

[0010] Accordingly, when the semiconductor chip, 
die-bonded to the external connection electrodes of the 
circuit substrate, is covered by mold packaging of a syn- 

35 thetic resin, it is necessary to consider two cases, i.e. 
the off-center deviation of the semiconductor chip to be 
packaged and the non-parallel relationship between the 
edges of the chip and the edges of the circuit substrate. 
In either case, the mold needs to be large to ensure 

40 proper packaging, and this makes the semiconductor 
device unduly large and heavy. 

[0011] In particular, when the semiconductor device 
is a chip LED comprising a light-emitting diode chip and 
a transparent synthetic resin mold, the off-center devi- 

<5 ation of the semiconductor chip and the non-parallel re- 
lationship between the diode chip's edges and the circuit 
substrate's edges make different the emitting directions 
of light from diode chips, resulting in undesired varia- 
tions in directivity of light. 

so [001 2] The technical object of the present invention is 
to solve the above-described problems. 

DISCLOSURE OF THE INVENTION 

55 [0013] To attain the technical object, according to a 
first aspect of the present invention, there is provided a 
semiconductor device utilizing a semiconductor chip. 
The device comprises a semiconductor chip provided 
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with: a first electrode formed in a small region at a first 
comer on one surface of a crystal substrate generally 
quadrangular as viewed in plan; and a second electrode 
formed in a large region and facing the first electrode. 
The second electrode is arranged to cover a second cor- 
ner located diagonally away from the first corner and ex- 
tend along two sides of the crystal substrate that include 
the second corner. The semiconductor device also com- 
prises a circuit substrate including an upper surface pro- 
vided with a pair of external connection electrodes con- 
nected to the first electrode and the second electrode 
via a thermally meltable die-bonding agent such as sol- 
der paste. The external connection electrodes may 
comprise: a first external connection electrode including 
a first lead connected to the first electrode; and a second 
external connection electrode including a second lead 
connected to the second electrode. The first lead of the 
first external connection electrode may be narrow and 
extend transversely to one side of the crystal substrate. 
The second lead of the second external connection 
electrode may include at least one narrow strip and ex- 
tend in a direction opposite to the extending direction of 
the first lead. The second lead may be transverse to an- 
other side of the crystal substrate that is generally par- 
allel to said one side to which the first lead is transverse. 
The first lead and the second lead may be offset from 
each other by a prescribed distance. 
[0014] According to a second aspect of the present 
invention, there is provided a semiconductor device uti- 
lizing a semiconductor chip. The device may comprise 
a semiconductorchip provided with: a firs telectrode 
formed in a small region at a first corner on one surface 
of a crystal substrate generally quadrangular as viewed 
in plan; and a second electrode formed in a large region 
and facing the first electrode. The second electrode may 
be arranged to cover a second corner located diagonally 
away from the first corner and extend along two sides 
of the crystal substrate that include the second corner. 
The semiconductor device may also comprise a circuit 
substrate including an upper surface provided with a 
pair of external connection electrodes connected to the 
first electrode and the second electrode via a thermally 
meltable die-bonding agent such as solder paste. The 
external connection electrodes may comprise: a first ex- 
ternal connection electrode including a first lead con- 
nected to the first electrode; and a second external con- 
nection electrode including a second lead connected to 
the second electrode. The first lead of the first external 
connection electrode may be narrow and extend trans- 
versely to one side of the crystal substrate. The second 
lead of the second external connection electrode may 
include at least one narrow strip and extend in a direc- 
tion opposite to the extending direction of the first lead. 
The second lead may be transverse to another side of 
the crystal substrate that is generally parallel to said one 
side to which the first lead is transverse. The second 
lead may be provided, at an end thereof, with a front 
electrode piece which is connected to the second elec- 



trode and parallel to but offset by a prescribed distance 
from the first lead. 

[001 5] In the inventions according to the first and the 
second aspects .thermally meltabledie-bondingagent- 

5 such as solder paste is applied to the first and the sec- 
ond external connection electrodes on the circuit sub- 
strate, and then these electrodes are aligned with the 
relevant one of the first electrode and the second elec- 
trode of the semiconductor chip. 

10 [0016] In the above procedure, the first external con- 
nection electrode is to be connected to the first electrode 
formed in a small region at a first corner of the semicon- 
ductor chip, while the second external connection elec- 
trode is to be connected to the second electrode having 

is a large area, the second electrode being arranged to 
surround the first electrode of the semiconductor chip 
and to cover a second corner located diagonally away 
from the first corner. 

[0017] With this arrangement, melted die-bonding 

20 agent will spread over each external connection elec- 
trode in all directions, in particular, over the surface of 
the narrow lead to flow away from a side of the semi- 
conductor chip (the crystal substrate). At the crossing 
point of each lead and the relevant side of the semicon- 

25 ductor chip, the melted die-bonding agent will flow along 
the relevant side of the chip. At this stage, the surface 
tension of the melted die-bonding agent simultaneously 
acts on both the lead and the crossing side of the sem- 
iconductor chip (crystal substrate). As a result, the self- 

30 alignment for automatic posture adjustment is per- 
formed so that the crossing angle between the longitu- 
dinal direction of each lead and the relevant side of the 
crystal substrate becomes generally 90°. 
[0018] According to the first aspect of the present in- 

35 vention, the second lead is offset from the first lead by 
an appropriate distance so that the extension line of the 
second lead passes a point close to the areal center of 
the semiconductor chip as viewed in plan. Accordingly, 
the first lead (the first external connection electrode) 

40 overlaps the first electrode at a corner which is distant 
from the center of the semiconductorchip. Thus, the po- 
sition at which the first lead projects from the relevant 
side of the semiconductor chip is farther away from the 
areal center of the semiconductor chip than the position 

<5 at which the second lead projects from the relevant side 
of the semiconductor chip is. As a result, the moment 
due to the above-mentioned surface tension (the force 
that rotates the semiconductor chip about its center) be- 
comes greater with respect to the first lead. This con- 

50 tributes to realizing effective automatic posture correc- 
tion so that the crossing angle between the longitudinal 
direction of the first and second leads and the opposing 
sides of the crystal substrate is adjusted to become gen- 
erally 90°, even when the opposing sides of the crystal 

55 substrate transverse to the longitudinal direction of the 
first and the second leads are non-perpendicular and 
non-parallel to the longitudinal direction of each lead (i. 
e. in slanting position). 
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[001 9] As described above, due to the setf-alignment 
by the surface tension of the melted die-bonding agent, 
the quadrangular semiconductor chip is subjected to au- 
tomatic adjustment for correcting the slanting posture 
and for accurately positioning the chip to the center of 
the circuit substrate. 

[0020] In this state, the melted die-bonding agent is 
allowed to cool for solidification, thereby fixing the sem- 
iconductor chip to the substrate with the automatically 
corrected posture. According to the second aspect of 
the present invention, the second externa! connection 
electrode is formed with at least one second lead which 
is narrow and extends in the direction opposite to the 
extending direction of the first lead, and which extends 
transversely to a side of the crystal substrate that is gen- 
erally parallel to the side the first lead crosses. The sec- 
ond lead is provided, at its front end, with a front elec- 
trode piece which is connected to the second electrode 
and parallel to, but offset by an appropriate distance 
from, the first lead. Accordingly, the melted die-bonding 
agent spreads through the gap present between the 
front electrode piece and the second electrode of the 
semiconductor chip. At the same time, it spreads 
through the gap between the first lead and the first elec- 
trode. Then, the surface tension working at the front 
electrode piece and the surface tension working at the 
first lead will balance out on two sides flanking the areal 
center of the semiconductor chip as viewed in plan. 
Thus, the self-alignment by the surface tension of the 
melted die-bonding agent automatically corrects slant- 
ing posture of the semiconductor chip, while also auto- 
matically positioning the semiconductor chip to the cent- 
er of the circuit substrate with accuracy. 
[0021] According to a third aspect of the present in- 
vention, there is provided a semiconductor device utiliz- 
ing a semiconductor chip, the device comprising a sem- 
iconductor chip provided with: a first electrode formed 
in a small region at a central portion along one side on 
one surface of a crystal substrate generally quadrangu- 
lar as viewed in plan; and a second electrode formed in 
a large region and facing the first electrode, the second 
electrode extending along other three sides of the crys- 
tal substrate. The device also comprises a circuit sub- 
strate including an upper surface provided with a pair of 
external connection electrodes connected to the first 
electrode and the second electrode via a thermally melt- 
able die-bonding agent such as solder paste. The ex- 
ternal connection electrodes comprises: a first external 
connection electrode including a first lead connected to 
the first electrode; and a second external connection 
electrode including a second lead connected to the sec- 
ond electrode. The first lead of the first external connec- 
tion electrode is narrow and extends transversely to one 
side of the crystal substrate. The second lead of the sec- 
ond external connection electrode includes at least one 
narrow strip and extends in a direction opposite to the 
extending direction of the first lead, the second lead be- 
ing transverse to another side of the crystal substrate 



that is generally parallel to the above-mentioned one 
side to which the first lead is transverse. 
[0022] According to the third aspect of the present in- 
vention, the first electrode is disposed at a generally 

5 central position along one side of the generally quad- 
rangular crystal substrate, while the second electrode is 
arranged to face the first electrode and extend along the 
other three sides of the crystal substrate. Thus, both of 
the first electrode and the second electrode are laterally 

10 symmetrical on the semiconductor chip as viewed in 
plan. The first lead, which overlaps the first electrode, 
extends in the direction opposite to the extending direc- 
tion of the second lead, which overlaps the second elec- 
trode. Accordingly, at the crossing portions between two 

*5 opposing parallel sides of the semiconductor chip and 
the leads, the melted die-bonding agent spreads not on- 
ly along the sides of the semiconductor chip, but also 
along the elongated leads. Since the surface tension of 
the melted die-bonding agent acts simultaneously on 

20 the respective leads and on the sides of the semicon- 
ductor chip (the crystal substrate) which are crossed by 
the leads, the self-alignment can be enjoyed to effectu- 
ate automatic posture correction so that the crossing an- 
gle between the longitudinal direction of each lead and 

25 the crossed side of the crystal substrate becomes gen- 
erally 90°. In this way, it is possible to adjust the posture 
of the semiconductor chip to be mounted on the circuit 
substrate. 

[0023] In each of the above-mentioned inventions, the 

30 second lead of the second external connection sub- 
strate may be provided, at an end thereof, with a front 
electrode piece which extends transversely to the lon- 
gitudinal direction of the second lead and which is con- 
nected to the second electrode. With such an arrange- 

35 ment, the front electrode piece provides a larger electri- 
cal contact area with respect to the second electrode. 
Further, at this portion (the front electrode piece), the 
surface tension of the melted die-bonding agent contrib- 
utes to the posture correction of the semiconductor chip 

40 by the self-alignment. 

[0024] Further, in each invention described above, the 
second external connection electrode may be formed 
with a third lead integral therewith. The third lead ex- 
tends generally in parallel to a side of the crystal sub- 

45 strate which is perpendicular to another side of the same 
substrate which is crossed by the second lead. The third 
lead is provided with a front end which crosses the first- 
mentioned side of the substrate and which is connected 
to the second electrode. Specifically, the third lead is L- 

50 shaped as viewed in plan, having a base end connected 
to the second external connection electrode and a front 
end which extends transversely to the longitudinal di- 
rection of the second lead to be connected to the second 
electrode. With such an arrangement, besides the self- 

55 alignment effect by the first and the second leads, the 
additional self-alignment effect can be enjoyed due to 
an interaction between the front end of the third lead and 
the side of the crystal substrate which is parallel to the 
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longitudinal direction of the respective leads. According- 
ly, the self-alignment effect is improved, whereby the 
posture adjustment of the semiconductor chip is more 
reliably performed. 

[0025] Further, in each invention described above, the 5 
first lead, the second lead and the third lead may have 
a width which is about 0.1-0.3 times the length of the 
opposing sides of the crystal substrate. With such an 
arrangement, the melted die-bonding agent can easily 
spread along a side extending longitudinally of each 
lead, whereby the posture adjustment of the semicon- 
ductor chip by the self-alignment is much more reliably 
performed. 

[0026] Further, in each invention described above, the 
semiconductor chip may be a light-emitting element, 
and at least the semiconductor chip may be packaged 
by a transparent, synthetic resin mold. With such an ar- 
rangement, it is possible to adjust the posture of the 
light-emitting element mounted on the circuit substrate, 
thereby eliminating the variations in emitting direction of 
light (directivity of light) from the light-emitting element. 
Also, the mold for packaging the semiconductor chip is 
made smaller than is conventionally possible. Accord- 
ingly, the semiconductor device can be reduced in size 
and weight. 

[0027] Further, in each invention described above, a 
resist layer may be formed on parts of the first, second 
and third leads, the parts being close to a periphery of 
the semiconductor chip. With such a resist layer, it is 
possible to prevent the die-bonding agent from flowing 
in the longitudinal direction of the lead outwardly from 
the periphery of the semiconductor chip, whereby the 
occurrence of improper electrical connection is reliably 
prevented. 

[0028] Further, the resist layer may be provided with 
a highly reflective color such as white, so that light emit- 
ted from the light-emitting element and reflected toward 
the upper surface of the circuit substrate is reflected by 
the resist layer, whereby efficient chip light-emitting di- 
odes can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1(a) is a top view showing a light-emitting chip 
used for a first embodiment of the present invention, 
while Fig. 1(b) is a sectional view taken along lines 
lb-lb in Fig. 1(a). 

Fig. 2 is a perspective view showing a chip LED ac- 
cording to a first embodiment. 
Fig. 3 is a plan view showing the chip LED of the 
first embodiment. 

Fig. 4 is a sectional view taken along lines IV-IV in 
Figs. 2 and 3. 

Fig. 5 is a sectional view taken along lines V-V in 
Figs. 2 and 3. 

Fig. 6 (a) is a plan view showing the light-emitting 



diode chip placed on a circuit substrate in the first 
embodiment, while Fig. 6(b) is a plan view showing 
the light-emitting chip whose position has been ad- 
justed due to the solidification of a die-bonding 
agent. 

Fig. 7(a) is a plan view showing the arrangement of 
a resist layer in a second embodiment, while Fig. 7 
(b) is a plan view showing a light-emitting chip 
whose position has been adjusted due to the solid- 
ification of a die-bonding agent. 
Fig. 8(a) is a plan view showing a light-emitting di- 
ode chip planed on a circuit substrate in a third em- 
bodiment, while Fig. 8(b) is a plan view showing the 
diode chip whose position has been adjusted due 
to the solidification of a die-bonding agent. 
Fig. 9(a) is a plan view showing the arrangement of 
a resist layer in a fourth embodiment, while Fig. 9 
(b) is a plan view showing a light-emitting chip 
whose position has been adjusted due to the solid- 
ification of a die-bonding agent. 
Fig. 10 (a) is a plan view showing a light-emitting 
diode chip planed on a circuit substrate in a fifth em- 
bodiment, while Fig. 10(b) is a plan view showing 
the diode chip whose position has been adjusted 
due to the solidification of a die-bonding agent. 
Fig. 11 (a) is a plan view showing the arrangement 
of a resist layer in a sixth embodiment, while Fig. 11 
(b) is a plan view showing a light-emitting chip 
whose position has been adjusted due to the solid- 
ification of a die-bonding agent. 
Fig. 12 is a plan view showing a light-emitting diode 
chip whose position has been adjusted due to the 
solidification of a die-bonding agent. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] Preferred embodiments for carrying out the 
present invention will be described below with reference 
to the drawings illustrating chip LEDs as an example of 
semiconductor device. Figs. 1-6 show a first embodi- 
ment. The chip LED includes a circuit substrate 10 as 
an insulating substrate, a light-emitting diode chip 1 as 
an example of semiconductor chip mounted on the up- 
per surface of the substrate, and a mold 19 made of a 
transparent synthetic resin and provided on the upper 
surface of the substrate 1 0 for entirely covering the light- 
emitting diode chip 1 (see Fig. 2). 
[0031] The chip mounting is performed in a manner 
such that a thermally meltable die-bonding agent such 
as solder paste is applied to a first external connection 
electrode 13 and a second external connection elec- 
trode 14, both formed on the insulating circuit substrate 
10 which is quadrangular (including square and rectan- 
gular; the same applies hereinafter) as viewed in plan. 
Then, the semiconductor chip, turned upside down from 
the state shown in Fig. 1 , is moved so that the first elec- 
trode 2 and the second electrode 3 are placed onto the 
corresponding parts of the applied agent, and heated. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 528 602 A1 



10 



Thereafter, as the die-bonding agent solidifies, the sem- 
iconductor chip is fixed, and the electrical connection is 
completed (see Fig. 4). 

[0032] As an example of semiconductor chip, the 
light-emitting diode chip (light-emitting element) 1 
shown in Figs. 1(a) and 1(b) is substantially the same 
in structure as the conventional one (previously de- 
scribed). Specifically, use is made of a crystal substrate 
1a, which is made of transparent sapphire and formed 
quadrangular (including square and rectangular; the 
same applies hereinafter) as viewed in plan, and upon 
which a GaN buffer layer 1b, an n-type GaN layer 1c, 
an InGaN activation layer 1d, a p-type AIGaN layer 1e, 
and a p-type GaN layer 1f are stacked, providing a dou- 
ble hetero structure. 

[0033] At one corner, an upper portion of the n-type 
GaN layer 1 c is removed by etching to provide a step 
portion. In the removed portion, an n-side electrode or 
first electrode 2 is formed by vapor deposition, which 
consists of a laminate of Ti and Au layers and another 
laminate consisting of Ni andAu layers stacked on the 
first laminate. The remaining portion other than the 
etched-away portion, in other words, the upper surface 
of the uppermost p-type GaN layer 1f is provided with a 
second electrode 3 consisting of Ni and Au layers 
formed by vapor deposition, wherein the layer 1f ex- 
tends along two edges of the crystal substrate 1a, the 
edges containing a corner which is located diagonally 
opposite to the above-mentioned comer 
where the first electrode 2 is formed. With such an ar- 
rangement, the first electrode 2, formed in a relatively 
small region at the first-mentioned corner, has a gener- 
ally pentagonal configuration as viewed in plan, while 
the second electrode 3, formed in a relatively large area 
(region) separated from the first electrode 2 by a gener- 
ally L-shaped space 4 as viewed in plan, has a generally 
L-shaped configuration (see Fig. 1(a)). 
[0034] The chip-type circuit substrate 10, as shown in 
Figs. 2 and 3, is a generally quadrangular, insulating 
plate made of glass-fiber-reinforced epoxy, for example. 
The circuit substrate 10 has a pair of end portions op- 
posite to each other, at which a pair of terminal elec- 
trodes 11,12 are formed from a metal layer. Each of the 
terminal electrodes 11, 12 extends from the upper sur- 
face of the substrate 10 onto the lower surface via the 
side surface. 

[0035] The circuit substrate 1 0 includes a surface (up- 
per surface) formed with a first external connection elec- 
trode 13 connected to the terminal electrode 11 and a 
second external connection electrode 14 connected to 
the terminal electrode 12, these connection electrodes 
being formed by patterning a metal layer 
[0036] As shown in Figs. 2 and 3, the first external 
connection electrode 13 includes one first lead 15 
whose base end is formed integral with the terminal 
electrode 11. The first lead 15 is parallel to the longitu- 
dinal edges 10a, 10b of the circuit substrate 10. The 
front end of the first lead 15 is arranged to overlap with 



the first electrode 2 of the diode chip 1 as viewed in plan. 
[0037] The second external connection electrode 14 
includes a plurality of second leads 16a, 16b and an L- 
shaped third lead 1 7, these leads having their base ends 
5 formed integral with the second terminal electrode 12. 
The second leads 16a, 16b and the third lead 17 are 
parallel to the longitudinal edges 10a, 10b of the circuit 
substrate 10, 

wherein at least one of the second leads (in the present 
embodiment, the second lead 16b) and the third lead 17 
are offset from the first lead 15 by prescribed distances 
H1 , H2 (see Fig. 3) so that they are not in line. The front 
ends of the second leads 16a, 16b and the third lead 17 
are arranged to overlap with the second electrode 3 of 
the light-emitting diode chip 1 as viewed in plan. 
[0038] The first lead 15, the second leads 16a, 16b 
and the third lead 17 have a small width H3 which is 
generally 0.3-0.1 times the width of the end portions of 
the crystal substrate 1a of the light-emitting diode chip 
1, and these leads are formed by patterning to be inte- 
gral with the upper side portions of the terminal elec- 
trode 11 or the terminal electrode 12. 
[0039] The first electrode 2 and the second electrode 
3 of the diode chip 1 are overturned to face downward. 
Then, the first electrode 2 and the second electrode 3 
are connected to the first lead 15 of the first external 
connection electrode 13 or the second leads 16a, 16b 
and the third lead 17 of the second external connection 
electrode 14 on the circuit substrate 10 via a thermally 
meltable die-bonding agent 20 such as solder paste. 
[0040] Specifically in the first embodiment, as shown 
in Fig. 6(a), the thermally meltable die-bonding agent 20 
such as solder paste is applied to the hatched areas 
generally corresponding in position to the front ends of 
the first lead 1 5, the second leads 1 6a, 1 6b and the third 
lead 17. Then, the light-emitting diode chip 1 is placed 
on the die-bonding agent, 20 with the first electrode 2 
and the second electrode 3 facing downward. In this 
state, the solder paste for example is heated up to a tem- 
perature no lower than its melting point, and then the 
die-bonding agent 20 is allowed to cool for solidification. 
[0041] The light-emitting diode chip 1 is so arranged 
that the first electrode 2 is located on the upper side of 
the front end of the first lead 15, and that the second 
electrode 3 is located on the upper sides of the front 
ends of the second leads 1 6a, 16b and the third lead 1 7. 
When the light-emitting diode chip 1 (the crystal sub- 
strate 1a) is viewed in plan, as seen from Fig. 2, the 
crystal substrate 1a has four sides: a first side 1a1, a 
second side 1a2, a third side 1a3 and a fourth side 1a4. 
As shown in the plan view of Fig. 6(a), the first lead 15 
extends to cross the first side 1a1 of the quadrangular 
light-emitting diode chip 1 (the crystal substrate 1a), and 
the second leads 1 6a, 1 6b extend to cross the third side 
1a3 of the diode chip 1 (the crystal substrate 1a). On the 
other hand, the third lead 17 has a base part which ex- 
tends in parallel to the fourth side 1a4 of the crystal sub- 
strate 1a and is located outwards of the fourth side 1a4, 
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while the front end 17a (a part of the L-bent member) of 
the third lead 17 extends to cross the fourth side 1a4. 
[0042] When the light-emitting diode chip 1 is mount- 
ed onto the circuit substrate in the manner described 
above, the diode chip 1 may be slanted so that the first 5 
side 1a1 and the fourth side 1a4 of the chip 1 are non- 
parallel to the edges 1 0a, 1 0b of the circuit substrate 1 0, 
as shown by the double-dot chain lines in Fig. 6 (a), or 
the diode chip 1 may be located at a position deviating 
from the center of the circuit substrate 10. In such a 
case, the surface tension of the thermally melted solder 
(die-bonding agent) 20 acts simultaneously on the re- 
spective crossing portions between the leads 15, 16a, 
16b, 17a and the sides 1a1, 1a2, 1a3, 1a4 of the light- 
emitting diode chip 1 . Thus, by the self-alignment effect 
due to the surface tension, the quadrangular diode chip 
1 undergoes automatic posture correction (see Fig. 6 
(b)) so that the crossing angle between the longitudinal 
direction of the first lead 15 and the first side 1a1 of the 
diode chip 1 becomes generally 90° as viewed in plan. 
Likewise, the crossing angle between the longitudinal 
direction of the second leads 1 6a, 1 6b and the third side 
1a3 becomes generally 90° as viewed in plan. Further, 
the crossing angle between the longitudinal direction of 
the front end 1 7a of the third lead 1 7 and the fourth side 
1a4 becomes generally 90° as viewed in plan. In the 
present embodiment, the first lead 15 and the second 
leads 1 6a, 1 6b extend in parallel to the longitudinal edge 
10a (10b) of the circuit substrate 10. Accordingly, the 
posture adjustment is performed so that the first side 
1a1 of the quadrangular diode chip 1 becomes parallel 
to the edge 10a of the circuit substrate 10. 
[0043] Thereafter, the fixing of the diode chip 1 is per- 
formed in the posture corrected state by the solidifica- 
tion of the melted solder. In a preferred embodiment, it 
is possible not to use the third lead 1 7 shown in Figs. 2-6. 
[0044] In the embodiment shown in Fig. 6 (a), a front 
portion (the position of the part bonded to the first elec- 
trode 2) of the first lead 15 and an extension line of the 
first lead 15 are sufficiently offset from the center of the 
plan view of the diode chip 1 (the crystal substrate 1a). 
On the other hand, an extension line of the second lead 
16b and an extension line of the front end 17a of the 
third lead 17 come close to the center of the plan view 
of the light-emitting diode chip 1 . Therefore, the moment 
resulting from the surface tension (the force causing the 
semiconductor chip to rotate about its central point) is 
greater at the side of the first lead 15. Thus, even when 
the two opposing sides of the crystal substrate (the first 
side 1a1 and the third side 1a3), which cross the exten- 
sion lines of the first lead 15 and the second lead 16b, 
are put in nonparallel position (slant position), being 
non-perpendicular to the extension lines of both the 
leads, the automatic posture correction is executed so 
that the cross angle between the longitudinal direction 
of the first and second leads 15, 16a, 16b and the paired 
opposing sides (the first side 1a1 and the third side 1a3) 
of the crystal substrate 1a becomes generally 90°. In 



addition, an automatic correction is made for correctly 
positioning the light-emitting diode chip 1 to the areal 
center of the circuit substrate 10. 
[0045] Figs. 7(a) and 7(b) show a second embodi- 
ment, wherein the surfaces (upper surfaces) of the first 
lead 15, the second leads 16a, 16b and the third lead 
17 and the surface of the circuit substrate 10 include 
portions close to the periphery of the diode chip 1 , in 
other words, base-adjacent portions (close to the termi- 
nal electrode 11 or 12) of the respective leads. These 
portions are covered by a resist layer 21, and then, as 
shown by the hatching in Fig. 7(a), the die-bonding 
agent 20 such as solder paste is applied to areas at and 
near the front ends of the first lead 1 5, the second leads 
16a, 16b and the third lead 17. 

[0046] If much agent were applied to the base-adja- 
cent portions of the leads 15, 16a, 16b and 17, the ap- 
plied solder (die-bonding agent) 20 on the leads 1 5, 1 6a, 
16b, 17 would be melted, and the melted solder (die- 
bonding agent) 20 would be drawn toward them (the 
base ends). As a result, the melted solder would flow 
away to a position where it is separated from the first 
electrode 2 and the second electrode 3, and this would 
give rise to improper electrical connection between the 
leads and the electrodes. However, with the resist layer 

21 formed at the above-described positions, it is possi- 
ble to prevent the flow of the melted solder in the longi- 
tudinal directions of the respective leads. Accordingly, 
the posture correcting function by the self-alignment ef- 
fect is improved, and no improper electrical connection 
results. For the purposes of checking undesired flow of 
the melted die-bonding agent 20, the resist layer 21 may 
be applied only to the surface of each lead. Preferably, 
the resist layer 21 may be provided with a highly reflec- 
tive color such as white, so that the light emitted from 
the diode chip 1 can be reflected by the resist layer 21 
on the upper surface of the circuit substrate 10, which 
is advantageous to improving the usability of light from 
the diode chip. 

[0047] Fig. 8(a) and Fig. 8(b) show a third embodi- 
ment, 

wherein the first lead 1 5 for the first external connection 
electrode 13 is the same in position and configuration 
as that of the first embodiment and the second embod- 
iment. However, use is made of only one second lead 

22 for the second external connection electrode 14, the 
first lead 15 and the second lead 22 being offset from 
each other by an appropriate distance H4. Further, the 
second lead 22 has a front end which is integrally con- 
nected to a front electrode piece 23, which may be L- 
shaped and extend transversely to the longitudinal di- 
rection of the base portion of the second lead 22. 
[0048] As shown by the hatching in Fig. 8(a), a ther- 
mally meltable die-bonding agent 20 such as solder 
paste is applied to a front part of the first lead 15 and 
also applied to or near the second lead 22 and the front 
electrode piece 23. Then, the diode chip 1 is placed on 
the die-bonding agent 20, with the first electrode 2 and 
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the second electrode 3 facing downward. In this state, 
the solder paste for example is heated to a temperature 
no lower than the melting point, and then the die-bond- 
ing agent 20 is allowed to cool for solidification. 
[0049] In the above-described procedure, the diode 
chip 1 may be slanted so that the first side 1a1 and the 
fourth side 1 a4 of the chip 1 are nonparallel to the edges 
10a, 10b of the circuit substrate 10, as shown by the 
double-dot chain lines in Fig. 8(a), or the diode chip 1 
may be located at a position deviating from the center 
of the circuit substrate 10. In such a case, the surface 
tension of the thermally melted solder (die-bonding 
agent) 20 acts simultaneously on the respective cross- 
ing portions between the leads 15, 22 and the sides 1a1, 
1a3 of the light-emitting diode chip 1 . Thus, by the self- 
alignment effect due to the surface tension, the quad- 
rangular diode chip 1 undergoes automatic posture cor- 
rection (see Fig. 8(b)) so that the crossing angle be- 
tween the longitudinal direction of the first lead 15 and 
the first side 1a1 of the diode chip 1 becomes generally 
90° as viewed in plan. Likewise, the crossing angle be- 
tween the longitudinal direction of the second lead 22 
and the third side 1a3 becomes generally 90° as viewed 
inplan. Further, in the presence of the front electrode 
piece 23 of the second lead 22, a proper electrical con- 
nection is made with respect to the second electrode 3. 
[0050] Fig. 9(a) and Fig. 9(b) show a fourth embodi- 
ment provided with the same leads as the leads 15, 22 
by the third embodiment and with a resist layer 21 
formed around the diode chip 1 on the circuit substrate 
10, whereby the advantages of the third embodiment 
and the advantages of the second embodiment (see Fig. 
7(a) and Fig. 7(b)) can be enjoyed. 
[0051] Fig. 10(a) and Fig. 10(b) show a fifth embodi- 
ment, wherein the first lead 15 of the third embodiment 
and the base portion of the second lead 22 are arranged 
in line, as viewed in plan. The second lead 22 has a front 
portion which integrally includes a first front electrode 
piece 23a extending generally perpendicularly to the 
longitudinal direction of the base portion of the second 
lead 22, and a second front electrode piece 23b extend- 
ing generally perpendicularly to the first front electrode 
piece 23a, as viewed in plan, wherein the second front 
electrode piece 23b is offset from the first lead 15 by an 
appropriate distance H5. The first front electrode piece 
23a and the second front electrode piece 23b are pro- 
vided at a position allowing them to be connected (over- 
lap) to the second electrode 3 of the diode chip 1 (the 
crystal substrate 1a). 

[0052] In the above-described arrangement, as 
shown by the hatching in Fig. 10(a), the die-bonding 
agent 20 such as solder paste is applied to a front part 
of the first lead 15, the second lead 22, the first front 
electrode piece 23a and the second front electrode 
piece 23b. Then, the diode chip 1 is placed onto the die- 
bonding agent 20, with the first electrode 2 and the sec- 
ond electrode 3 facing downward. In this state, the sol- 
der paste for example is heated up to a temperature no 



lower than its melting point, and then the die-bonding 
agent 20 is allowed to cool for solidification. 
[0053] In the above-described procedure, the diode 
chip 1 may be slanted so that the first side 1a1 and the 

5 fourth side 1 a4 of the chip 1 are nonparallel to the edges 
10a, 10b of the circuit substrate 10, as shown by the 
double-dot chain lines in Fig. 10(a), or the diode chip 1 
may be located at a position deviating from the center 
of the circuit substrate 10. In such a case, the surface 

10 tension of the thermally melted solder (die-bonding 
agent) 20 acts simultaneously on the respective cross- 
ing portions between the leads 15, 22 and the sides 1a1, 
1a3 of the light-emitting diode chip 1, while also acting 
at between the surface of the front electrode pieces 23a, 

15 23b and the surface of the second electrode. Thus, by 
the self-alignment effect due to the surface tension, the 
quadrangular diode chip 1 undergoes automatic posture 
correction (see Fig. 8(b)) so that the crossing angle be- 
tween the longitudinal direction of the first lead 15 and 

20 the first side 1 a1 of the diode chip 1 becomes generally 
90° as viewed in plan. Likewise, the crossing angle be- 
tween the longitudinal direction of the second lead 22 
and the third side 1 a3 becomes generally 90° as viewed 
in plan. Further, in the presence of the first front elec- 

25 trode piece 23a and the second front electrode piece 
23b, a proper electrical connection is made with respect 
to the second electrode 3. 

[0054] Fig. 11(a) and Fig. 11(b) show a sixth embod- 
iment, 

30 wherein use is made of the same leads as the leads 1 5, 
22 of the fifth embodiment and a resist layer 21 formed 
around the diode chip 1 on the circuit substrate 1 0. Thus, 
the advantages of the fifth embodiment and the advan- 
tages of the second embodiment (see Fig. 7(a) and Fig. 

35 7(b)) can be enjoyed. 

[0055] Fig. 1 2 shows a seventh embodiment, wherein 
the quadrangular crystal substrate 1a of the diode chip 
1 has a surface provided with a first electrode 2, formed 
in a generally central, small region close to one side of 

to the crystal substrate, and with a second electrode 3, fac- 
ing the first electrode 2 and formed in a relatively large 
region extending along the other three sides of the sub- 
strate 1a, the second electrode being laterally symmet- 
rical in Fig. 12. The upper surface of the circuit substrate 

45 10 is provided with, as described below, a first external 
connection electrode 12 and a second external connec- 
tion electrode 13 formed integral with the terminal elec- 
trodes 11, 12 at the respective ends of the circuit sub- 
strate 10, wherein the electrodes 12, 13 are connected 

50 to the first electrode 2 and the second electrode 3 via 
the die-bonding agent 20 such as solder paste. 
[0056] The electrode 1 1 is formed integral with a nar- 
row first lead 24 extending transversely to one side of 
the crystal substrate 1 a, while the electrode 1 2 is formed 

55 with a second lead 25 extending in the opposite direction 
to the extending direction of the first lead 24 to cross 
another side of the crystal substrate 1a which is gener- 
ally parallel to the above-mentioned side crossed by the 
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first lead 24. The front end of the second lead 25 is 
formed integral with a front electrode piece 25a to be 
connected to the second electrode 3. 
[0057] In the present embodiment, the first electrode 
2 and the second electrode 3 of the diode chip 1 are 
laterally symmetrical, and the first lead 24 and the sec- 
ond lead 25 are in line. Thus, the surface tension by the 
melted solder acts simultaneously and with generally 
the same strength (generally equally) both in the extend- 
ing direction of the first lead 24 and the second lead 25 
and in the perpendicular direction along which the two 
opposing sides of the diode chip 1 (the crystal substrate 
1a) extend. Therefore, even if the diode chip 1 is placed 
on the circuit substrate 10, with its sides are nonparallel 
to the left and right edges 10a, 10b of the circuit sub- 
strate 10, or even if the diode chip 1 is placed at a po- 
sition deviating from the center of the circuit substrate 
10, the self-alignment effect by the above-mentioned 
surface tension makes it possible to automatically cor- 
rect the posture of the diode chip 1, so that each of the 
side surfaces of the chip is parallel or generally parallel 
to the corresponding side of the quadrangular circuit 
substrate 10. It is also possible to perform automatic cor- 
rection for accurately positioning the diode chip 1 to the 
areal center of the circuit substrate 10. 
[0058] Then, with the corrected posture, the diode 
chip 1 is fixed in position as the melted solder solidifies. 
[0059] Regarding the above-described embodi- 
ments, the inventors conducted some experiments to 
discover that the automatic correction by the self-align- 
ment resulting from the surface tension of the melted 
solder is reliably performed when the width of each lead 
is about 0. 1 -0.3 times the length of the sides of the diode 
chip 1 , and this held for cases where use was made of 
thermally meltable die-bonding agents other than the 
electroconductive solder paste. 

[0060] In summary, the arrangements of the above- 
described embodiments make it possible that the pos- 
ture correction for the light-emitting diode chip 1 to be 
die-bonded to the circuit substrate 10 is performed due 
to the self-alignment effect by the die-bonding process, 
so that the paired side surfaces of the diode chip 1 be- 
come generally parallel to the longitudinal direction of 
each lead on the circuit substrate 10. As a result, the 
size of the mold 19 for packaging the diode chip 1 and 
the size of the circuit substrate 10 can be made smaller 
than is conventionally possible, and accordingly the re- 
sultant chip LEDs are compact and light. Further, it is 
possible to reduce the variations in directivity of light 
emitted from light-emitting diode chips 1 . 
[0061] The above-described embodiments relate to a 
chip LED utilizing a light-emitting diode chip. However, 
the present invention is not limited to chip LEDs, but ap- 
plicable to other semiconductor devices including di- 
odes, transistors, etc. 



Claims 

1. A semiconductor device utilizing a semiconductor 
chip, comprising, 

5 

a semiconductor chip provided with: a first elec- 
trode formed in a small region at a first corner 
on one surface of a crystal substrate generally 
quadrangular as viewed in plan; and a second 
to electrode formed in a large region and facing 

the first electrode, the second electrode being 
arranged to cover a second comer located di- 
agonally away from the first corner and extend 
along two sides of the crystal substrate that in- 
*5 elude the second corner, and 

a circuit substrate including an upper surface 
provided with a pair of external connection elec- 
trodes connected to the first electrode and the 
second electrode via a thermally meltable die- 
20 bonding agent such as solder paste, 

the external connection electrodes comprising: 
a first external connection electrode including 
a first lead connected to the first electrode; and 
a second external connection electrode includ- 
es ing a second lead connected to the second 
electrode, 

the first lead of the first external connection 
electrode being narrow and extending trans- 
versely to one side of the crystal substrate, 
30 the second lead of the second external connec- 

tion electrode including at least one narrow 
strip and 

extending in a direction opposite to the extend- 
ing direction of the first lead, the second lead 
35 being transverse to another side of the crystal 

substrate that is generally parallel to said one 
side to which the first lead is transverse, and 
the first lead and the second lead being offset 
from each other by a prescribed distance. 

40 

2. A semiconductor device utilizing a semiconductor 
chip, comprising, 

a semiconductor chip provided with: a first elec- 
ts trode formed in a small region at a first corner 
on one surface of a crystal substrate generally 
quadrangular as viewed in plan; and a second 
electrode formed in a large region and facing 
the first electrode, the second electrode being 
50 arranged to cover a second comer located di- 
agonally away from the first corner and extend 
along two sides of the crystal substrate that in- 
clude the second corner, and 
a circuit substrate including an upper surface 
55 provided with a pair of external connection elec- 
trodes connected to the first electrode and the 
second electrode via a thermally meltable die- 
bonding agent such as solder paste, 
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the external connection electrodes comprising: 
a first external connection electrode including 
a first lead connected to the first electrode; and 
a second external connection electrode includ- 
ing a second lead connected to the second 5 
electrode, 

the first lead of the first external connection 
electrode being narrow and extending trans- 
versely to one side of the crystal substrate, 
the second lead of the second external connec- 10 
tion electrode including at least one narrow 
strip and extending in a direction opposite to the 
extending direction of the first lead, the second 
lead being transverse to another side of the 
crystal substrate that is generally parallel to *5 
said one side to which the first lead is trans- 
verse, and 

the second lead being provided, at an end 
thereof, with a front electrode piece which is 
connected to the second electrode and parallel 20 
to but offset by a prescribed distance from the 
first lead. 

3. A semiconductor device utilizing a semiconductor 
chip, comprising, 25 

a semiconductor chip provided with: a first elec- 
trode formed in a small region at a central por- 
tion along one side on one surface of a crystal 
substrate generally quadrangular as viewed in 30 
plan; and a second electrode formed in a large 
region and facing the first electrode, the second 
electrode extending along other three sides of 
the crystal substrate, 

a circuit substrate including an upper surface 35 
provided with a pair of external connection elec- 
trodes connected to the first electrode and the 
second electrode via a thermally meltable die- 
bonding agent such as solder paste, 
the external connection electrodes comprising: *o 
a first external connection electrode including 
a first lead connected to the first electrode; and 
a second external connection electrode includ- 
ing a second lead connected to the second 
electrode, 45 
the first lead of the first external connection 
electrode being narrow and extending trans- 
versely to one side of the crystal substrate, 
the second lead of the second external connec- 
tion electrode including at least one narrow so 
strip and extending in a direction opposite to the 
extending direction of the first lead, the second 
lead being transverse to another side of the 
crystal substrate that is generally parallel to 
said one side to which the first lead is trans- 55 
verse. 

4. The semiconductor device utilizing a semiconduc- 



tor chip according to any one of claims 1-3, wherein 
the second lead of the second external connection 
electrode is provided, at an end thereof, with a front 
electrode piece extending at least in a direction 
transverse to the longitudinal direction of the sec- 
ond lead and being connected to the second elec- 
trode. 

5. The semiconductor device utilizing a semiconduc- 
tor chip according to claim 1 or claim 2, wherein the 
second external connection electrode is formed in- 
tegral with a third lead, and wherein the third lead 
extends generally in parallel to another side of the 
crystal substrate that is transverse to the side to 
which the second lead is transverse, the third lead 
including an end which is transverse to said another 
side and connected to the second electrode. 

6. The semiconductor device utilizing a semiconduc- 
tor chip according to claim 5, wherein the first lead, 
the second lead and the third lead have a width 
which is about 0.1-0.3 times a length of each of op- 
posing sides of the crystal substrate. 

7. The semiconductor device utilizing a semiconduc- 
tor chip according to any one of claims 1-3, wherein 
the semiconductor chip comprises a light-emitting 
element and is at least packaged by a mold made 
of transparent synthetic resin. 

8. The semiconductor device utilizing a semiconduc- 
tor chip according to any one of claims 1-3, wherein 
a resist layer is formed on parts of the first, second 
and third leads, the parts being close to a periphery 
of the semiconductor chip. 
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